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Purpose. Behaviour change techniques are fundamental to the development of any
behaviour change intervention, but surprisingly little is known about their properties. Key
questions include when, why, how, in which contexts, for which behaviours, in what
combinations, compared with what, and for whom behaviour change techniques are
typically effective. The aims of the present paper are to: (1) articulate the scope of the
challenge in understanding the properties of behaviour change techniques, (2) propose
means by which to tackle this problem, and (3) call scientists to action.
Methods. Iterative consensus (O’Connor et al., 2020, Br. J. Psychol., e12468)was used to
elicit and distil the judgements of experts on how best to tackle the problem of
understanding the nature and operation of behaviour change techniques.
Results. We propose a worldwide network of ‘Centres for Understanding Behaviour
Change’ (CUBiC) simultaneously undertaking research to establish what are the single
and combined properties of behaviour change techniques across multiple behaviours and
populations. We additionally provide a first attempt to systematize an approach that
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CUBiC could use to understand behaviour change techniques and to begin to harness the
efforts of researchers worldwide.
Conclusion. Better understanding of behaviour change techniques is vital for improving
behaviour change interventions to tackle global problems such as obesity and recovery
from COVID-19. The CUBiC proposal is just one of many possible solutions to the
problems that the world faces and is a call to action for scientists to work collaboratively
to gain deeper understanding of the underpinnings of behaviour change interventions.
Statement of contribution
What is already known on this subject?
 Behaviour change techniques are the building blocks of behaviour change interventions.
 A limited number of meta-analyses show that techniques exert unique effects on behaviour change.
 Finding what other techniques exert unique effects on behaviour change poses a substantial
challenge.
What does this study adds?
 A vision for a worldwide network of ‘Centres for Understanding Behaviour Change’ (CUBiC).
 A first attempt at a systematic approach to help understand behaviour change techniques.
 A proposal for an accessible repository for CUBiC to facilitate global research on this topic.
Background
He who would learn to fly one day must first learn to stand and walk and run and climb and
dance; one cannot fly into flying [SIC]. Friedrich Nietzsche (1844–1900).
Behaviour change is fundamental to tackling the economic and social challenges we
face, which include emerging challenges from the COVID-19 pandemic, and the more
established challenges of global heating, increasing overweight and obesity, and the
effects of ageing populations. In response to these challenges, policy makers and
researchers have rapidly deployed behaviour change interventions with varying degrees
of success. The haste with which policy makers and researchers have responded to
economic and social challenges means that behaviour change interventions are often
cases of ‘flying into flying’. In other words, many attempts to change people’s behaviour
are based on intuition rather than evidence and are poorly articulated. Even when
evidence is used, the interventions can often best be described as ‘evidence-inspired’ as
opposed to ‘evidence-based’ (Michie & Abraham, 2004) and typically start life as
‘complex’, meaning they consist of numerous elements (Michie et al., 2013) from
inception. The success or otherwise of behaviour change interventions is dependent on
the state of the science underpinning it. We contend that, despite an extant and rapidly
proliferating literature (e.g., http://www.cochranelibrary.com/), very little is known
about the elements that comprise effective behaviour change interventions. The aims of
the present paper are to: (1) articulate the scope of the challenge in understanding the
properties of behaviour change techniques, (2) propose means by which to tackle this
problem, and (3) call scientists to action.
One key advance in the field of behaviour change has been the development of
taxonomies with which to articulate better the underpinnings of behaviour change
interventions. Several such taxonomies exist (e.g., intervention mapping, Kok et al.,
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2016) and are under constant revision in this emerging field (Michie et al.’s, 2013,
behaviour change technique taxonomy is explicitly labelled ‘version 1’) and so any
approach to understanding the elements that comprise effective behaviour change
interventions needs to be flexible. At the same time, we recognize the need to prevent
taxonomies from stifling creativity (Ogden, 2016). Thus, although we use the behaviour
change technique taxonomy version 1 (BCTTv1; Michie et al., 2013) as an exemplar, we
fully appreciate that any approach to understanding the properties of behaviour change
techniques will need to be sufficiently flexible to incorporate BCTT ‘version 2’,
complementary perspectives such as intervention mapping (Kok et al., 2016) as well as
newly discovered behaviour change techniques.
The BCTTv1 describes single irreducible behaviour change techniques that constitute
complex behaviour change interventions, and is in some respects analogous to the
periodic table of elements. As shown in Figure 1, the 93 behaviour change techniques
have unique code numbers and abbreviations and are grouped into 16 clusters,
comparable with the periodic table of elements. However, the ancient origins of the
periodic table of elements mean that the properties of, for example, copper, lead, gold,
and their interactionswith other elements are verywell known. In contrast, the BCTTv1 is
not yet a decade old, and so little is known about the properties of individual behaviour
change techniques nor their interactionswith one another. Full knowledge ofwhen,why,
how, in which contexts, for which behaviours, in what combinations, compared with
what, and for whom behaviour change techniques are typically effective would allow
people to tackle the major economic and social challenges that arise from human
behaviour, by spelling out what is needed to develop complex behaviour change
interventions that have the best chances of working. Given that at least 10 research
questions require answers for each of the 93 behaviour change techniques (Table 1)
merely to understand the current state of the science, then concerted co-ordinated effort
would be required to avoid duplication and fragmentation of the evidence base.
The vision that we set out in the present paper is for a worldwide network of inter-
related ‘Centres for Understanding Behaviour Change’ (CUBiC) simultaneously under-
taking research to map out the single and combined properties of each of the behaviour
change techniques listed in the BCTTv1 (Figure 1) and its future iterations. The following
section outlines how the BCTTv1 is currently used; we then outlinewhat steps need to be
taken tomapout ‘what is known’ about theproperties of behaviour change techniques. In
the final section, we outline a future in which a living repository keeps behaviour change
researchers, practitioners, funders, and policy makers up to date with what is known,
what is being done, and what needs to be done with respect to which behaviour change
techniques to deploy under what circumstances.
The present proposal complements the work currently being undertaken in the
Human Behaviour-Change Project (Michie et al., 2017) that addresses the same research
question, motivated by the same aim of addressing the complexity and quantity of
research to gain better understanding of behaviour change interventions. Unlike CUBiC,
which aims to optimize what research questions need to be asked, the Human Behaviour-
Change Project attempts to maximize whatever knowledge can be gained from past and
current research. The Human Behaviour-Change Project is developing ontologies that are
computer readable and therefore allow the evidence in research reports to be extracted,
synthesized, and interpreted at scale and at a pace that keeps upwith current research and
makes the results easily accessible to users (Human Behaviour-Change Project, 2020).
These ontologies include BCTTv1 but also ontologies for settings, populations, and mode
of delivery, all of which are likely to be valuable in the CUBIC work. In addition, the
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outputs from the Human Behaviour-Change Project knowledge system may prove useful
at future stages of the CUBiC agenda.
Current use of the BCTTv1
Thus far, the predominant use of the BCTTv1 has been to unpick retrospectively complex
behaviour change interventions to identify potential correlates of ‘successful’ behaviour
change interventions, with a view to making recommendations for future intervention
design. The approach typically focuses on a single behaviour and considers how closely
correlated are behaviour change techniqueswith changes in behaviour (Bentley,Mitchell,
& Backhouse, 2020). Although these post-mortems yield valuable information, such as
whether the use of behaviour change theories enhances the effectiveness of interventions
(Prestwich et al., 2014; Prestwich, Webb, & Conner, 2015), the lack of causal inference
and historically poor reporting of behaviour change interventions in the published
literature (Lorencatto, West, Stavri, & Michie, 2013) limit the approach. These difficulties
should be overcome in the future because, in addition to providing a taxonomy of
behaviour change techniques, the BCTTv1 offers researchers a language with which to
describe their interventions that means future attempts to understand other people’s
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Figure 1. The ‘periodic table’ of behaviour change techniques, version 1. Note. Based on Michie et al.
(2015). [Colour figure can be viewed at wileyonlinelibrary.com]
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TheBCTTv1has also beenused to identify potential targets for intervention and is ‘step
7’ of the behaviour change wheel system (Michie, Atkins, & West, 2014). However,
without knowledge of which behaviour change techniques work best, for whom, in
which contexts, delivered by what means, it is difficult to provide advice as to which
behaviour change techniques should be used to fulfil the various intervention functions
(e.g., education, persuasion).
We have been using systematic review and meta-analysis to explore what is known
about the unique properties of behaviour change techniques (Figure 1) and how they
interact with other behaviour change techniques. Thus far, we (Brown, Smith, Epton, &
Armitage, 2018; Epton, Currie, & Armitage, 2017) have completed systematic reviews of
BCTTv1 1.1 (goal setting [behaviour]), BCTTv1 1.3 (goal setting [outcome]), BCTTv1 10.7
(self-incentives), and BCTTv1 10.9 (self-rewards), and are currently working on BCTTv1
6.2 (social comparison), BCTTv1 6.3 (information about others’ approval), and BCTTv1
13.5 (identity associatedwith changedbehaviour). These systematic reviews go someway
to addressing the issue of which behaviour change techniques work best, for whom, in
which contexts, delivered by what means, but each has identified yawning gaps in
knowledge that require further primary research.
For example, we were unable to find a single study in which the behaviour change
technique of self-reward (BCTTv1 10.7) had been uniquely tested in a randomized trial
(Brown et al., 2018). Similarly, despite extracting 384 effect sizes, Epton et al. (2017)were
unable to answer fully one of their key research questions, namely: ‘which behaviour
change techniques enhance the effects of goal setting on behaviour change?’ due to the
dearth of primary studies on the topic. Specifically, Epton et al. (2017) were only able to
evaluate the ability of six techniques to augment/undermine the unique influence of goal
setting on behaviour change. Five out of six potentially complementary behaviour change
techniques derived from goal setting theory did not influence the effects of goal setting on
behaviour change, namely: feedback (BCTTv1 2.2 and 2.7), review of outcome/
behavioural goals (BCTTv1 1.5 and 1.7), and behavioural contract (BCTTv1 1.8). The
sixth behaviour change technique (commitment, BCTTv11.9) significantlyweakened the
effect of goal setting on behaviour change. Knowledge about how each behaviour change
technique interacts with the others would not only help developers of interventions, but
may also lead to new theoretical insights by allowing one to test existing theories or
develop new theories on the basis of the evidence. Moreover, identifying underutilization
of effective behaviour change techniques could yield some ‘quick wins’ for rapid
improvements in the effectiveness of behaviour change interventions (Brown, Smith, &
Armitage, 2019).
Thus, the systematic reviewing of just five behaviour change techniques has yielded a
programme of research that could take decades to complete. Moreover, we are acutely
aware that the analyses described above were conducted on small numbers of primary
studies and so do not yet provide anything close to a definitive picture. In sum, we have
come to realize that we have a long way to go to achieve our vision of understanding the
properties of all 93 behaviour change techniques. Concurrently, we are aware that others
have conducted systematic reviews and meta-analyses on other behaviour change
techniques (Harkin et al., 2016; Hollands et al., 2016). In principle, such efforts should be
combined to help complete our understanding of the properties of behaviour change
techniques, but even small discrepancies in how the research questions are framed, what
precise methodology is adopted (e.g., which electronic databases should be searched?
What about grey literature?), and the compartmentalized way in which academia works
(see Epton, Harris, Kane, van Koningsbruggen, & Sheeran, 2015 and Sweeney & Moyer,
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2015 whose meta-analyses of BCTTv1 13.4 appeared in the same volume of the same
journal) lead to redundancy. In short,we also have come to realize thatwe need to harness
the ongoing efforts of behaviour change researchers worldwide in a co-ordinated effort at
scale. Identifying the chemical elements and their properties has taken multiple
laboratories worldwide hundreds of years; to achieve understanding of the unique and
combined properties of behaviour change techniques and thus deliver truly evidence-
based interventions will take a similar effort, but could be achieved with a worldwide
network of small inter-related ‘Centres for Understanding Behaviour Change’ (CUBiC)
simultaneously undertaking research tomap out the properties of the BCTTv1 (Figure 1).
The first step in achieving a fully populated periodic table of behaviour change
techniques is to start with a clear picture of ‘what is known’ about the unique effects of
behaviour change techniques through a series of systematic reviews andmeta-analyses. In
order to overcome the difficulties of how research questions are framed, how systematic
reviews are conducted, and how redundancy is avoided, we need consensus on three key
elements, namely: (1) a template with which to shape the research questions, (2) an
approach to systematic reviews and meta-analyses of the unique effects of behaviour
change techniques on changes in behaviour, and (3) a central repository to minimize the
risk of duplication and redundancy. The following sections describe our proposals for
these three elements.
1. The CUBiC Approach and Template 1.0
The first step in gaining a co-ordinated approach to understanding behaviour change
techniques would be an agreed template of key questions that the reviews would seek to
address. Based on our previous work (Brown et al., 2018; Epton et al., 2017), we have
developed what we call the CUBiC approach, which currently specifies: (1) a scoping
review unrestricted by behavioural domain or scientific discipline to gauge the current
state of knowledge, (2) a systematic review and alsometa-analysiswhere there is sufficient
evidence, and (3) identification of gaps in – or a surfeit of – primary research.
TheCUBiC template 1.0 currently consists of 10 generic research questions,which are
presented in Table 1 alongside examples of specific answers and identified research gaps
using BCTTv1 1.1 (goal setting [behaviour]) and BCTTv1 1.3 (goal setting [outcome]) as
examples (Table 1). The CUBiC template 1.0 (Table 1) has already been applied to
BCTTv1 1.1 (goal setting [behaviour]), BCTTv1 1.3 (goal setting [outcome], Epton et al.,
2017), BCTTv1 10.7 (self-incentives), and BCTTv1 10.9 (self-rewards, Brown et al., 2018),
and we are currently working on BCTTv1 6.2 (social comparison), BCTTv1 6.3
(information about others’ approval) and BCTTv1 13.5 (identity associated with changed
behaviour). However, the CUBiC template 1.0 (Table 1), appropriately expanded, refined
and based on consensus, could similarly be applied to the remaining 88 behaviour change
techniques currently identified and any other behaviour change techniques identified in
future taxonomies.
The CUBiC template 1.0 template differs from, and complements, the approach to
systematic reviewing undertaken by the Cochrane Collaboration (2011). Cochrane
reviews focus on evaluating the effects of complex interventions (e.g., advice from health
professionals) that contain multiple behaviour change techniques and are targeted at a
single outcome (e.g., smoking cessation) in a single setting (e.g., primary care). Therefore,
although Stead et al.’s (2012) Cochrane reviewwas able to conclude that physician advice
exerted a small sized effect on smoking cessation, it was unable to ascertain what the
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advice should be and whether it could be delivered as effectively outside primary care by
people who are not doctors. The CUBiC template 1.0, on the other hand, focuses on
examining the effectiveness of single techniques within behaviour change interventions
in relation to multiple outcomes across diverse settings and disciplines.
2. Addressing divergences in methodologies
As with any systematic review, our work includes numerous micro-decisions about how
many databases to search, which terms to use, to what extent data should be double-
coded, what should be done with multiple intervention and/or control groups (Black
et al., 2020) and/or follow-ups. Thus, not only are the single and combined effects of the
majority of behaviour change techniques unknown (but see Brown et al., 2018; Epton
et al., 2017; Harkin et al., 2016; Hollands et al., 2016), there is no consensus as to howbest
to conduct systematic reviews of behaviour change techniques (e.g., which databases to
search; whether to include grey literature) meaning that divergences in the methodolo-
gies adopted by reviewers limit their comparability and hence the cumulative contribu-
tions such reviews can make to future intervention design (but see Brown et al., 2018;
Epton et al., 2017, for two applications of the CUBiC approach). Serious progress could be
made in understanding the unique effects of behaviour change techniques if there were a
template to guide researchers in reviewing the current literature. Grounding such a
template in the Cochrane Collaboration’s (2011) procedures would represent a good
start.
3. Towards a central resource
Thus far, we have presented our proposals for an approach to understanding the unique
effects of behaviour change techniques. Future work on CUBiC 1.0 is immediately to
embark on a consensus-building exercise that leads to the appropriate expansion and
agreement of key elements of the CUBiC approach. Indeed, we anticipate that initial
consensus work on CUBiC 2.0 may well be complete by the time this manuscript appears
in print.
One of the key barriers to understanding the single and combined properties of
behaviour change techniques, however, is a lack of co-ordination. There are many
researchers working on projects that are of direct relevance to the CUBiC agenda, but no
central rallying point. If we can gain consensus for a CUBiC approach, we could not only
help to accelerate the pace at which effective behaviour change interventions are
developed, but would be able to help major funders of research identify the gaps in
research knowledge and channel limited resources into productive channels. A
complementary approach might be to conduct reviews en-masse whereby large teams
of researchers screen studies, extract elements of data and conduct analyses. Careful
thoughtwill be neededwith respect to how researchers are incentivized (e.g., through co-
authorship), quality control, training and online management. Coding of behaviour
change techniques could be done by committee and thus rapidly and expertly, with
further training and support to ensure that coder variance is minimized thereby
promoting reliability. Consideration of the approach to science employed on the Human
Genome Project, among other large-scale projects, may be applicable to behavioural
science (National Human Genome Research Institute, 2020).
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A living repository for identifying the gaps in knowledge and priorities for primary
research in order to avoid omission and redundancy would be a good start in ensuring
progress in developing effective behaviour change interventions. As current technology
stands, we envisage a web platform similar to Prospero https://www.crd.york.ac.uk/
prospero/, which collects together ongoing CUBiC systematic reviews in a ‘live’ format
(Marshall & Wallace, 2019), but that focuses on identifying gaps, both in systematic
reviews and empirical work. The latter is particularly important because if we have
learned one lesson it is that the behaviour change literature is not as developed as one
might imagine. For example, wewere unable to find a single study inwhich the behaviour
change technique of self-reward (BCTTv1 10.7) had been uniquely tested in a randomized
trial and sowere immediately able to set an agenda for futurework (Brownet al., 2018). An
online platform that highlighted these gaps and informed researchers as to studies already
underwaywould ensure that progresswould be smoother andmore rapid than at present.
The big question, as ever, is ‘who will fund this?’. The answer is complex but we
believe that the social and economic benefits that could accrue from CUBiC are at least as
valuable as the insights provided by the Human Genome Project (National Human
Genome Research Institute, 2020). It is notable, for example, that on 2 October 2020,
there were 193 registered COVID-19 candidate vaccines in clinical and preclinical trials
(World Health Organization, 2020), but little evidence of resources being allocated to
ensuring that sufficient numbers of people will take a COVID-19 vaccine to make it
effective.
Conclusions
In sum, we posit that the substantial gap in knowledge about how we judge the
effectiveness of a behaviour change technique represents a ‘grand challenge’ that we
propose can only be addressed with a commensurate ‘grand programme’ of intercon-
nected research. Given the need for more effective behaviour change interventions to
address societal problems and the need to provide policy makers and practitioners with
the timely information that they need (Whitty, 2015), there is a need to gain consensus on
how to approach the key questions for behavioural science, namely: which behaviour
change techniques work best, for whom, in which contexts, delivered by what means.
Next steps
1. Refine and gain consensus on the CUBiC template.
2. Promote use of the template by conducting CUBiC reviews.
3. Develop a central resource that will:
a. promote use of the consensus-based template worldwide and sustain its use by
developing an international membership group who will conduct CUBiC reviews;
b. disseminate the template and identify the reviews that need to be done, describes
the appropriate methods for these reviews and coordinates reviewing activities to
correct omissions and minimize duplication and redundancy;
c. identify the priorities for primary research; and
d. be used to obtain buy-in from international funding bodies.
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